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This report covers thé development of the one-place Inflatoplane® since the
¢ompletion of the prototype development program (ref. 1). Additional tests

were conducted on the prototype and an improved, fileld evaluation model,Ten

aircraft of the improved model were fabricated for evaluation. The modificatiohs .
incorporat:d in the evaluation aircraft resulted in greater étrength, improved |
| performance, and increased life and utility., Development to date has indlcated

that the infletable aircraft is well suited to applications where minimum

storage space and weight, air droppability, rapid preparation for flight,
excellent short field capability, good flight characteristics; and long
range are required. Figure 1 shows the final aircraft configuration"

dimenéions. Figures 2 and 3 show the GA 468 Inflatoplane in its inflated

and packaged torm respectively,
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AIRFOIL SECTION - NACA 0015

FIGURE 1 = GA 468 INFLATOPLANE FINAL CONFIGURATION DT fSI5TONS
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FIGURE 2 - GA~468 INFLATOPLANE

FIGURE 3 = GA=468 INFLATOPLANF
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‘sealed surfece, With these basic nroperties it was possible to build such

SECTION I = INTRODUCTION

Fiber materials have been used from iﬁmemorial to cerry loads in the form of
rOpes and netting, The use of fiber materials grew with time into such things
a8 belts to drive machinery, reinforcement for tires, etc, Later it was found
that 1mportant properties could be added to the basic strength and flexibility
of fibrous materials through the addition of coatings. These coatings coﬁld

increase traction, weather resistance, and strength and could even provide a

things as balloons, pneumatic tires, airships, life rufts, and inflated radomes

and buildings. These last three items were developed to provide a useful end

item which wae lightweight and easy to store when not in use. It was quite
natural that the idea of an alrplane made of inflatable fabric should eventuelly
be conceived. Here would be an aircraft which could be stored like a rubber

life raft and simply inflated for use,

Over the last 40 years a number of different concepts have evolved, The earliest‘
one to actually be trled was a glider built by Mr. Taylor McDaniel in 1931,
Although several flights were made the prograh died out. In 1955 interest was
aroused again, separately, in Great Britain end the United Sﬁates. The

British version consisted of a large, thick, delta-shaped wing with a car
suspended beneath, The cockpit, engine and landing gear were all rigidly
.connected, The wing, which was the only inflated eection, was 24" thick and
roquired an inflation pressure of only 1/2 psi. Profile of the wing (NACA 0024)
waa controlled by spanwise, porous webs connecting the upper and lower surfnces,

Two models of this airernft huve tnonbpublicized to date,




GOODSYEAR
AIRCRAFT
GER 10416 Page 2

%L The United States interests resulted from the devélopment of a material éallédw
| Mrmat®, Since the end of World War II Goodyear Tire and Rubber Company has ;
been developing and falricating inflatable structures made of Airmat. Airmat k\ ?
material cocnsists of two layers of fabric connected by coniinuous tie yarns
dropped from one layer of fabrie to the other during weaving. By varying the
length of the tle yarns flat panels of various thickness could then be made.

Up to this time inflated structures were limited to bodies of revolution or

séctions'of bodies of revolutiom.

Realizing ibe possibilities of this material Goodyear Airecraft Corporation (GAC)
made a sample airfoil Alrmat section and tested 1t both statically and in a wind
tunnel in 1952, Based on interest expressed by the Office of Navel Research (ONR) - f

and the results of these tests, GAC fabricated a crude model of a one-place
inflatable aireraft, Thé only rigid components on this aircraft, the GA~33,

2 vere the landing gear, engine and mount, wing struts, and controla (Fipure é,

ﬁ; : ref, 2)Q A great deal of design and test information was obtained from the GA-33

andlincorporated into the ONR sponsored GA 447 (Figure 3).

g " The GA 44T wos designed as a rescue vehicle and emphasis was placed on minimum
%; wolght and storage space. Weaving of the Airmat airfoll on standard looms was
developed in this program, giving components with clean aserodynamic shapee not
found in previous inflated aircraft (Figure 4). These new Airmat sections

not only guve clean aerodynamic shapes but also very etficient structural

proportien, Together with close anttention to weiphts of all componentes these

properties gave an airernft with excedtionally rood worformnnee, T

‘r—-nm—hc——n-——q—--’——-——-u-—-.——__........_._.._
B

M, Goodyenr Tire and Rubber Company, Akron, Ohlo
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FIGURE 6 = "ATRMATMAIRFOTI. SECTICN
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proving that a truly efficient inflatable aircraft could be built.

With this experience the present program was initlated to fabricate and test

" ten improved models of this alrcraft for field evaluation. The improvements‘

vere generally lntended to simplify and improve operation, increesse strength

. and 1life, and extend the utility. The original program called for only check

flying of the aircraft prior to delivery. However; as the program progressed
testing was extended to include full scale wind tunnel tests to study structural
and aerodynemic properties, additional static tests and materials study, a

50 hour %ie¢-~down test to verify the compatability of the engine and aireraft,

an engine PFRT, and flight testing to verify the flight safety of the alrcraft |
and study the amphibious capabilities, Talle I lists the alrcrafit's major

characteristica;

Concurrent wilth this program was a separate program to develop a two-place
inflatable aireraft with the same general chaiacteristics as the one-place
airplane. Thi- objective was successfully achieved wlth only a 55 1b incroase
in empty weight over that of the one-place version (Figure 5, ref. 3). This
showed that the weight and bulk of an inflatable alrcraft need increase

only a small percentage in order to double its paylond.

Baslc design information on the one-place aircraft is contained in :the report
on the initinl dovelopment (ref. 1). This report doscribes the modificae ' -

tions mnde and terts performed on the airernft.
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TABIE 1

GA 468 - CHARACTERISTICS

Empty Weight
Gross Welight
Container Size

Time to Prepare for Flight Using
Engine Driven Compressor

Velocity (maximum) -
Velocity (cruise)

Velocity (stall)

Take-off Distance (on sod)

Distance over 50! Obstacle
(calculated)

Rate of Climb at Sea Level

Serv.ce Ceiling*

Absolute Cailing

Range

Endurance

Normal Inflation Pressure

Minimum Inflation Pressure in Flight

. Minimum Emergency Inflation Pressure

ireraft rod lined to 4000 nbove terrnin

240 lbs
550 lbs
3 x 4 x 3.5 feet

5 minutes
62 knots
53.5 knots
34 knots
250 feet

575 feet

' 560 f£t/min

10,300 feet
13,000 feet

375 nautical miles
7 hours

7.0 psi

4e8 psi

4e0 psi
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FIGURE 7 = ONR SPONSCRED TWO=PLACE INFLATOPLANE
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. SECTION IT — DISCUSSION

A, DESIGN IMPROVEMENTS

1,

2.

‘Magneto Ignition

~11fe and the possibility of battery acid spillage on the fabric in

engine, was modified by Goodyahr Adreraft Corporation (GAC) to

fincorgornte a McCulloch marneto. The magneto was directly ecoupled to

H63A and the new model Inflatonlnne, GA 468, is smaller and liphter

General

The objective of the original Inflatoplane (GA 447) development

program was to test the selected confipuration and its associated

performance‘and operational features. This initial program verified dé-"
‘sign*objéctives,however, as in all experimental test programs of this

type, areas of improvement were defined and éonsequently modifications R

were incorporated in the following model (GA 468). 'These modifications

'which improved the Inflatoplane's structure, performance, and usefulness:

are discussed below:

The H-59A Nelson engine, used on the original GA 447, had a battery
ignition system. Since the engine was not equipped with a generator,
endurance was limited by battery life. Even with two 4% 1b batteries

the engine would operate only 4 hours. In addition the battery storage

packaging presented other problems. To overcome theée probleﬁs the

the rear end of the crankshaft, This coupling was also used to drive

an’alr inflation pump through a timing belt (Appendix A).

The air pump presontly used with the factory modified Nelson enpine,

e 4R et e Gl Y S

-
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3.

be

5.

‘, than that used on the'GAb447. The original pump weighed 10,5 1bs as

‘eompared with the new pump which weighs only 5.5 lbs.

Lénding Gear |
The unicycle landing gear on the GA 447‘vaa designed for minimum

'weight and frontal area. With the minimum frontal area the ground

clearance was 6 inches, which was felt to be marginal Qhenyconaider-‘

ing roﬁgh field operations; therefore, the ground clearance was

, increased to 10.5 inches with a new design. The basic landing gear

arfangement was retained. The wing tip and tail skids were redesigned

to‘reduce weight and bulk in packagling, increase strength, and allow

~for easier meintenance.

Cockpit

 The basic cockpit arrangement was retained. However, the Airmat wall

thickness was increased from 2" to 3" for greater stiffness and

strength, the landing gear opening was enlargéd for easier access,

and the canc,y was removed to allow for easier entrance and exit., How-

éver, the angle of incidence of the front cockpit panel was increasod

to serve as a wind deflector.

Improved Fabrics

To providatfor greater life,the strength of the fuseluge fabric was

kincreaaed. Processing of the wing and aileron material was improved,

nivihg uniform croaﬁ sections and grenter strenpgtha. In qdditioq)the
improwved nrocedures gave better structural strength, and smoother
and stridphtor mombers. The resulis of thoso fabrie improvements wne
an airframe with a greatly improved life limited primarily by the

abuae 1% may receive from careless handling,
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6. ‘ﬁing'Bracing |
Ae o result pfvthe‘wind tunnel snd static tests on the GA 447 and GA 463 ‘ ,
models, the wing‘bracing was modified by the addition of a brace’wife
on each side of the lover wing surface midway between the fuselage and

forward outboard brace cable.

Also,as a result of these tests, the attachmenﬁ_poihts for the iowér‘

wing bracing system war changed to lncrease the load capability of thé

"~ wing to approximately 5,0 g's. The attachment point on the landing
 gear for the two forward brace cables was moved twelve (12) incheé
aft of their foi-mer location, This move required that the 1anding K
gear be modified for the new attachment points and also fhat a plate
be added beneath the landing gear ring to distribute the concént:ated
‘load. The rear outboard cable attachment point was moved to a point
forty-eight (48) inéhea aft of the wing leading edge and located on
the bottom of tﬁe fuselage section,

All the 1mprovuments'of the extra cable and the‘oable attachmeht poinfdrt
relocation, improved the stability of the GA 468 aircraft under the | |
limit load and high flight speeds, as well as 1ncréaaing the aﬁrength

of the wing.

7. Alr System
| The air selector = check valve and control lever were redesigned to
provide granter‘efficioncy and a simnler, more poaitive operntion‘on'
~ the GA 468, The spring loaded relief valve was relocaled to the
Jumper tube betweon the wing and fuselage‘to the left of and slipghtly

behind the pilot's head, A manmial override wﬁn provided in thea valve
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as a safety feature. ' It was found that in its new location on the

GA 468 the pilot can hear air being released whenever the valve is

open.

In additiongthé pressuré instrument plick-up point was relodatgd from
the cockpit panel to the relief valve described above. This changén
enabled thé pressure instrument to sense any'pressure loss in any |
component with a minimum time lag. Also ihcorpofated‘in the pressure
system ﬁas a low vressure wafhiﬁg light. The systeﬁ operates by 1 ,
means of a pressure switch which energizes a réd light located nexﬁy
to ﬁhe nressure gage as the pressure decreases to 6.8 psi from the
normal operating pressurc of 7.C psi. The laght de-onergizes at“
6.85 psi as the pressure is increased. This instdllation allows for
instant warning to pilot of decreasing air pressure in the‘aircrafﬁ
giving the‘pilot time to teke corrective action before the conditioh

reaches emergency proportions,

8, Instrumentation

All GA 468 aircraft are equipped with a tachometer, accelerometer,

St o e e

airspeed indicator, air pressure gage with low pressure warning system,
‘compass, and a dry-cell battery-operated cockpit utility light for
night lighting the instrument faces. The aircraft for Army delivery

e i ot o o

have an altimeter and cylinder head temperature indicator in addition |

to the nbove.‘

: 9. Hydroski - | R N
- Two poasibilities for water toke-off weré considered on the GA 447. ‘}
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' fuselsge s & hull was investigatcd. It was found that although
the shape of the body appeared to be approximately correct for water
take-of f, there wvere some sources of very high hydrodynamic drag,

such as the wheel Qell. Also, the body was inédequate structuraliy
for ﬁhe high hydrodynamic loads. Consideration was given to re-
designing the hull for use as a seaplane. This was found to be

| 1mpracti¢a1 qf the time and was dropped. Secondiy then, the use of a
hydroskiiwas considered. Several distinct advantages were immediately
apparent, The natural flotétion of the airplane could be used énd a  :
singls ski cculd be designed which would be readily interchangeable
with the ‘single wheel. Also, with the hydroski the aireraft's

capability could be extended to ice and snow,

Tﬁe corfect dimensions for the hydroskil were determinqd by studying
the hydrodynamic and aerodynamic drag on the airplane, 1ift on the
ving and'hydroskibat different épeeds, and available thrust. The
diménsio*s of the hydroski were estallished as 72" 1in o*erail 1eng£h
and 18" in width., Bungee éhords wvere piaced at the front of the
hydroski to give 2° of trim at take-off to reduce the wotted ares,
and consequently drag and suction to be broken when lifting off, aﬁd
hold the skl in the proper attitude 1h landing. With thie’type of
support for fixing the attitude cf the ski,it was not necaésary,tb |
taper the‘trailing edge of thg ski a3 it would assume a natural
planing attitude instantly at touch-down. The hydroaki wos designed
vith built-upn "hnt"‘aections and bulkheads and attaéhed to the air-

plane through the'uniéycle gear axle. The leading edpge bunpgee chords
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"'were snapped in place to D-rings on the cockpit., The entife welght
of‘the hydroski was 16.0 lbs. No wing tip floats were required since
the wing tipes themselves were ideally suited for this job, The wing

tip skids used in land opefations were snapped in the "up" position to

~ reduce drag at the tips, although this was not found to be essential,

Flight tests on the GA 447 showed the ski design to be correct in

' all respects,

10,  Universal Gear

After the aucdeagful demonstrution of the hydroski, 1t was decided to
’ design a cémbination wheel - hydroski ianding'gear for use from both
lahd and water.' The same ski geometry was retained for_the new gear -
| arnd a small opening provided through which the wheel protruded; A o
‘rubberized fabric seal was provided around the wheel to keen spray
through the hole to a minimum. As in the case of thé hydroski, triﬁ ’
was provided by bungee chords between the nose of the ski and the cock-
pit. For packaging the gear was divided into four 189 x 18" sections

hooked together and held in place with quick félease pins,

11, Mass Bnlance of Control Surfaces
During flight test vhases of the Inflatoplane program the tendency
for the rudder control to flutter at high speed was observed.‘ This

condition wna alao witnessed during tho wind tunnel test n»nrogram. As
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12.

13,

‘were installed on the rudder to eliminate the tendency ¢f fluttering

~been expended, the pllot is ﬁotifted.by the warning indicator that a

- reserve of one pallon of fuel remains. ‘his systém4Was mocked up,

 Fue1 System llodifications

‘wa: originally mounted in the roar of the cockpit ond wan uttnched to
“tho wnlls of tho fusl cell and ruselﬁgo. Relocation of this valve to
the engine mount provided more convenient fueling and improved

‘packapability of the airernft,

a result of verious vibrations, static, and flight tests, mass balances -

CL S PR USRI PIRREN SPAICO

at high speed.

Fuel Gage

Early in the modification program, several attempts were made to
develop a fuelygage. 5] attempts were unsuccessful. However, late
in the effort for amendment eight, avnew dévelonmeﬁt attempt resuited
in the design of a 1oﬁ fuel-level indicatbr consisting‘of'a one gallon}‘ 

rescrve tank ond a warning indicator. Vhen the main fuel suoply has

functionally tested, and found to be satisfactory, clthough it is not
installed on the GA 468 Inflatoplanc. A written description and

drawings of tho system have been submitted to ONR for review (ref. 4).

It was necessary to install a fuel filter and relocato the shutoff -
fueling valve tu improve the dependability of the fuel system. The
filter installution was nocessary to sonarate sediment of any kind

vhich might interfere with carburetion. The shutoff - fueling valve
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1.

15,

Trim Control

" As one of the objectives of Amendment Eight, a trim control system,‘

was developed and installed on the Inflatoplenes., The system

consists of bungée cords attached to the elevator control cables with

the tension of the bungee cords controlled by a sliding control handle

invthe coékpit. ‘This system allows for trim changes from stall to E

~ maximum level flight speed.

Miscellaneocus

Ber:ies the specific items noted above, improvements vere made in

 many smaller items. Additional erotch tapes were edded in the hinges

and strnp connections and cover patches were placed over the plastic
control horn bases to provent peeling under repented packagings. The
throttle control was changed to provide a continuous cable return»,
aystem to the carburetor control arm, giving more vositive, immadiate,'
response. The aileron bungee return system was redesigned by adding

a horn, £.milar to the alleron, rudder, and elevator horns, near the

hinge 1ine which increased the moment applied by the'bungee and there-'

by {ncreased 'their effectiveness, The engine mount was reinforced by
adding a plnte between the two pylon members and gussets in the baae.
The fuselage ‘snddle bracket was eliminated and replaced by two fabric

patchea to facilitate packaging.

All pulleys wore redesigned to nrevent the cables from leaving the

'pulley groove during operntion or packapging of the nircraft. Al so,

vhera conpand chnngos in direction of control cables were required

swivel pullaya were desisned and instnlled for safety of operution.*
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‘The horns used on allvcontrol'Surfacéé;wére redesigned to give better

- resistance to wear to prevent damage during packing or handling. The

‘wooden propeller was modified by laminating the outer five (5) inches

of each blade with two plies of fidberglas cloth impresgnated with
epoxy resin, This was accomplished to give botter resistance to

shattering.

A ground alr compressor and refueling unit was designed to be used

for‘initial inflation and refueling where quietness‘of operation and
great speed of inflation were not requiréd. The portable air and fuel
pump ground support wiit ls driven by a 4 HP gasoline engine through
a timing belt which can be cbnnected to either of ﬁhe twb‘pumps. The
aif pump can d;so be uséd for deflation for packsging by connecting

the air hose to the pump inlet side.

B, SUMMARY OF TEST PROGRAMS

1.

General
Tests were conducted to determine structural, flight and power planﬁ

characteristics and operational features. Under Contract Nonr 2368(00)

these terts included the following:

a. Full scale wind tunnel tests on the GA 447 and GA 468
be Stntic tosts |
c. Prqliminnry propulsion system tests

d. 50 hour tie-down test and 60 hour PFRT

e, Flipht envelone tosts

f. lydroskl and univeranl ski genr evaluntion
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2.

g. Sound studies

h., Materials ihvestigatipn

4, Flight demonstration of the design limits

j. Pallet and parachute delivery gystem

Full Scale Wind Tuhnel Tests

o At the concluSibn of the development of the GA 447 it was felt that

it would be highly desirable to conduct a full scale wind tunnel
teat on the aircraft. Te purpose of this test was to determine the
aercd;rontc and atfuctural deflection characteristics of the aireraft.
Theae tosts were conducted at the NACA Langley Field full scale wind
tunnel and are reported in .ref. 5 . The summary from this report
1s quoted below. ;
"An in#estigétion has been conducted in the Langley full-scale
tqnnal tp determine the aerodynamic and atructural deflection
'characteristics of the Goodyear Inflatoplane over a range of
test ve.ocities from minimum stall speed up to specds glving
load factors for wing buckling. Tests weré conducted over a
range of speeds from aaproximntely 41 to 70 mph with wing-guy—cable
londs, wing-diatortion photographs, and aerodynamic-forco data

‘recorded at each apeéd for a full range of angle of attack.

The airplane wns longitudinally stalle and had adequate pitch and
~ roll control and normal stall cheracterlstics at thé lover speeds

giving maximm lond fnctors betwaen 1 and 1.5. However, as speed

was incrensed, neroslastic effects associated with wing twist

produced an inerense in 1lift-curve alope and loas of stnbllity near
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the stall, For speeds up to 65 mph; which produced a load

- factor ofvapprdximately 2, the maximum wing load was limited by

stall with moderate wing defloctions, However, et a speed juét

over 70 mph and at an attitude producing a load féctor’just 6verf;f
2, & column-type buckling oceurred on the inboard'wing penel o
with the intoard wing section folding up and contacting the enginéi 
mounted above the wing, Additional tests were made with modific-
atidna to the wing-guy-cable system which reduced the aeroelastic" -
effects on the aerodynamic characteriStics and allowed load v
factors up to approximately 2.5 before a tendency forkwing Buckiing 

occurred.”

Based on the resulte of these tests, changes were made in the wing
sectlon and bracing arrangement as noted in the modifications section  f’

of this report.

In ad’ltion to the modifications suggested from the first wind tunn§1 _
tests, new modificationa we:é indicated and accomplished as a’reault"
of the flight tests conducted on the GA 468 Inflatoplane and reported
in Part I, After these additional modifications were accomplished,
which resulted in an incresse of the load carrying capobility of th§~
airoraft,ONR indicated that the 1ncrens§d load carrying cnpﬁbility N
should bé verified.by aﬁ‘additionnl wind tunnel test. The wind 1
tunnel tests wers performed in August 1960 but aé of this ddﬁe NASA
has not relensed the test report; hownver, GAC has published a pre-
liminary report (ref. 6) in which the pertinent dnta is presented.

" The summsry of this report is quoted below,
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"An investigation was conducted in the NASA Langléy fuil¥scale

wind tunnel to determine the effect a change in the wingFguy-cable’
configuration would‘have on the load factors for wing bﬁckling and
‘to obtain aerodynamic characteriatica’of the Goodyear Inflatoplane. -
Tests wéro qbnducted over‘a range of sbeeds from approximately’

45 to 80 kﬂots with ﬁing—guy-céble loads, wing-distortion photo-
graphé, and aerodynamic-force data recorded at each speed for a

full rénge of angle of attack.

Several Ving-guy-caﬁle arrungements wers tried before it was
found necessary to add an aluminum plate between the landing gear
and the fuselage to 1limit the fuselage deflection causag by the
method of supporting the Inflatoplane, which is diffgfent than in

flight, This lowering of the deflection reduced the aeroelastic

effect on the aerodynémic charncteristics and allowed tunnel loed

faotors up to 4476, flight lond factor of 5.13, before wing

‘buekling occurred.

During run 21h both the left and right wings buckled and the right
wing cable, 2B, falled precipitating & separation of wing from
}the bulkhead strapa and a rip in the wing. This failure, which

~was caused by a fr:yed cable, ended the tests.

3.  Stat'o Tonts

‘Statlc tests were condited on new patch designs, control asremblies,
and the ansscmbled aireraft tc assure proper strength in nll components.
AMlao, static tests were conducted on the wing braeing confipuration in

an effort to incrense the wing ultimnte load.
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‘Standardkairship patches of known strength were used where possible,

However, in several cases either the magnitude or method of application 1

" of the load necessitated the design of a new patch, These patches
included a D-ring patch, an intermediate wing patch, and an engine -

mount - fudelage pateh, Samples of each patch were cemented to a

test wing section, The test consisted of loading each patch to 120% : .

of its design limit load for 10 minutes and then increase the load
until failure ocourred. This test procedure is standard for all

pratches, Table 2 presents the test results,

TABLE - 2
PATCH TEST RESULTS

Loading Angle, Limit Load, 120% Limit Load, Breaking Loed,

Patch Typs __ Degrees Lbe, Lbs., Ibs,
 D-ring 0 - 65 | 8 | 235
Dring 0 | 65 78 | 270
D-ring 30 65 78 =230
D-ring 30 65 78 255
‘D-ring 45 65 78 165
D-ring 45 v 65 78 ' 180
‘Wing fan 45 375 Lhd, \ - 1000
Wing fan 45 k) A 1000
Wing fan 45 375 LA, 1225
Wing fan 45 375 Ll 1325
Moun:;:uaalngo 45 ’ 122 147 350

These results show that all of these new pntéhes are more than

adequnte for their design loads,
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The essembled aircraft was statically loaded before flight check-out |
| to the design 1imits to check the strergth of the individual components

and assembly connections. Tests included the following 119£éd items:

1, +3 and -‘1.0 g normal wing load

26 .+ 2.5 and - 1.0 g verﬁical cockpit loads
'3. 125 1b down tail load

be 125 1b up tail load

5.‘ 175 1b right and left vertical tail load
6. 230 1b engine thrust |
7. Landing pear dron test, 5 ft/sec déscent velocity 5 times

8, Controls

a. 35 ft=1b alleron hinge moment

E’ - ~ b. 40 £t-1b rudder hinge moment

¢. 45 ft-1b elevator hinge moment

As was reque-.ed in Amendment Eight of the subject contract,‘consider-
 able effort was placed‘on improving the ultimate load factor of the |
~ alreraft, The‘load_factor vhich was to be achieved was 4.38 g's
(load factor = 2.5 (iimit load) x 1.75 (safety factor) = 4.38 g's)
- Whers the aafety factor over limit load ﬁould be 1,75, Several
solutions to the prbblém vere oonsidefedz (V) incrensing the opérating
pressure, (2) adding ﬁing tip ballast, (3) decreasing gross weight of
nircrnft, and (3) adding a rigid spar. At the onset tha latter soomed

the moat rensonable msolution as the results of stntic tests indicnted

the ultimate load could be inereased to approximately 4.5 g's which
war above the 4,38 g ponl. Althourh this solution was ndequute, GAC

enpineering continued the investigation for n saimpler dﬁd batter
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improvement without compromising packaging and increasing the weight.
As a result, the present modification was engineered and proved through

static testing to meet the 4,38 g goal.

| Thé‘modification consiatéd of moving the attachment point on the

lamiing gear of the two}forward brace cables 12 inches aft on the aire
craft, A suitable bfacket was désigned and attached to.thé landing |
gear for the new‘attachment point, ‘The rear brace cables‘were attached
to the bottoh of the fuselage at a station under the trailing edge of
the wing.' The aircraft;whén static londed in this configuration,
supported 54 1 g's without failure (Figure 6). The static test
fixture would not allow load in excess of 5.1 g's,however, this load

carrying ability was verified in the wind tunnel tests.

. -

Preliminary Propulsion System Tests
To verify enrine operation with magneto ignition as proposed for the’
Model GA 468 evaluation aireraft, an H59-A engine previously used

~for the Model GA 447 development program was utilized in a series of

static test runs. A magneto manufactured by the McCulloch Corporation,
Los Angeles, Californié, for their M6d91'4318 engine was selected and
an’ accessory drive housing fabricated to adapt the magneto installation
to the Neladh'35§eA'engine.' The désign and operating charactecristics

of the two engine models were similar and permitted use 6f the mngneto
on thae HS?»A éngine. A pylon ongihe mount was also fgbricnted for
stntic tost with the engino; In nddition to teating the magneto,

engino, nnd enpine mount compatibility, the fehsibility of enplne

starting by hand-propping was also included in the tests.
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The engine and pylon mount configuration was rigidly attached to the
concrete floor of the test area with brace cables installed to simulate
the actual installation on the airframe. It was decided that such a
mounting configuration would subject the pylon mount to more severe
‘operating cqnditions. At the conclusion of the testing the mount was
inspected and fbund to be sound and sultable for installation on the »
evaluation'gircraft. The operating schedule followed fbr thé £eatn
covafed the complete range of engine operation from idle to maximum '
power. Also included were a series of 50 consecutive starts by hand=
propring, and operation of the éngine at various 1gnition timing
settings ranging from 25b B,T.C. to 29° B.T.C. All cylinders were
‘instrumented for tempefature indication during those tests to prbvide‘
“warning of impending malfunntion and for general engine condition., A
total engine operating time of 25 hours was used in this preliminary

testing and no major problems were encountered. The magneto install- o

ation was found to be suitable for operation on the Relson Model H59-A

- engine when timed to the engine manufacturer's specification of 29’k

- degrees before top-center, Some difficulty was experienced with thd‘
impulse coupling assembly of the magnenc resulting in a binding |
-oondition nnd‘preventing proper operation of the coupling_during‘pngino
start, This condition wae attributed to improper register of the’ e

gneto drifo to the engine crankshaft, and was corrééted for proper

‘vopister by trimming the engagement slots in the rubber coupling installed

batwoen the magneto drive and the engine.

It wns nlso determined that the engine could be started by means of

hand~propping. Engine starting was also found to be dependant on the
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procedure used for engins shutdown.  Englne shutdown without fusl

- shutoff caused foulihg of the'spérk plugs ahd an accumulation of un-

~ burned fuel in the crankcase., These cenditions prevent subsequent

satisfactory engine starting. It was determined that the fuel Shutoff

‘method recommended by the engine manufacturer provides the best meansyr

of engine shutdown within the design limitations of the engine. An

electrical starting system would provide easier starting of the engine,

In géneral, engine Qperation during the testing was smooth and without
incid«=n*, Cylindef head temperatures remained belcw the maximum

, 0 0 ‘ -
specified value of 230_0.(450 F) ot all timee during the tests,

On the basis of the preliminary tests it was concluded that the Model
H59-A éngine could operate satisfaétorily with a magneto ignition -
system and that the englne pylon mount was suitable for the proposéd
instellation. It wes also concluded that while starting the engine by
hand-pfoppin~ was dependent on priming'technique,‘satiSfactory engine

starts could be mage in this manner,

' Subsequent procurcment of the Model H63~A engine did not nullify the

5.

results of this testing as the wo engine models (H59-A and H63~A) were
basically similar and the magneto modificntion was adaptable to either

engine model,

50 Hour Tie Down and 60 Hour FFRT Tosts
A requirement underkkﬁendment Three of the subject contractkua to
prrform a 50 hour tie=Jown test., This test waz to ennble tha

contractor to place a 50 hour flight rating on the H63-A englne and
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the inflatable dirframe,combinapion._MThe test was performed ir
accordance with specifications by the contractor. Thé test was
compieted after setéral prbblem areas in the engine were corrected.
This test ié reported in Appendix A. | The tear down iuspection

following the completed test revealed several dlscrepancies in the

engine and,as aresult, BuWeps powerplants office requested the test

be repeated plus a 10 hour penalty run (60 hour FFRT).

The 60 hour PFRT wae performed at the engine manufacturers plant., This |
tést yas completed successfully (ref. 14 and 15) with the only
| discrepdncy being several small cracké #ppearing arourd the mounting
»bosses of the rear housing. The H62-A engine was gi'en a 50 hour |
FFR (ref. 16)‘with a limitation that the rear housing be given a dyeH
penetrant inspection after every 10 hours of operation, 'The 60 PFRf

1s also discussed in Appendix A along with discussion concerning

additional engine modifications deemedynecessary as a result of

opqration vxperience during flight demgnstraﬁion program.

B e aaid-ann sy e

The hot fuel test required along with tha 50 hour tie~down test to
Contract Nonr 2368(00) was not performed for the following reasons:

8. Fuel Specification, MIL-F=5572B, gives the minimum and maximum

Reld vapor pressure limits at lOOoF as 5.5 psi and 7.0 psi,

reP:

S e e e T e s T

respectively, for Grade 80/87 octane aviation gasollne, Sinco the

fual aystem is prossurized by the alr inflation system of the alr—

é _ ernft to a value of 7.0 pai, 1% can be rensonably assumed that

E ‘ : | appreeinble vnpor formution ia praoticnlly non~axistent,
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The altitude limitation of 4000 feet imposed on aircraft
operation and the low volume of fuel (2.68 cublc feet) carried

will result in little or no fuel ﬁapor formation,

The physieal construction of the fuel system‘(refer to Figure
17, "Fuel System Schematic®, ref. 7) with the fuel tank outlet

located in the bottom of the bladder 4yps tank and with no locations
 in the external fuel line between the tank outlet and carburetor

inlet that could r esult in vaper lock, prevents fuel éystem ma14'
‘fuhction from any vapor if present in the fuel, It should also
be noted that no fuel pump is employed in the system so that pump

cavitation problems are not applicable to this alreraft,

The float chamber of the carburetor ie vented to atmosphere 80
that any vapor existing in the lines will be vented at this point
in the system, The low fuel flow rates (2.0 to 6.2 gallons per
hour) associated with the engine instzllation also assist in |

minimizing any vapor lock problem,

The aircraft have been operated over a wide range of ambient
temperatures through their various flight test phases ahd'flight
demonatraiions, and no fuel system malfunction attributable to

hot or vupor producing fuel has ever been encountered.

Therefore, it is the contractor's opinion that the hot fusl test was
~ not nocessary for the prosent powerplant and fuel systom instnllntion
and non-porformance of the test wns justified on the basis of the

above listed ifems.
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6. .

7.

'(ref. B)o

| level flight speed vas 62 knots, Cable tensions were recorded during

_flight conditions were encountered; however, from the results of thess

‘that the aircraft was safe for flight,

Hydroski and Universal Ski Tests

~wntor handling ofvnircreft, planing technique, taxiing while pluning,

Flight Envelope Tests
Uhder Amendment Thres 1t was requested that flight tests be conducted

tO'wmﬂfy'or extend the flight envelope predicted by the data obtained
from the wind tunnel tests of the GA 447 Inflatoplane, and to investigete :

any maneuvers which could result in unsafe operation of the aircraft.

These tests were completed at the contractor's plant and reported in

The reeulﬁs of these tests indicated that the flight limit loads could
be safely withetood up to flight epeede of at least 67 knots., Maximum

all tests and all agreed closely with predicted values. No unsafe -
tests 1t was recommended that no intentional spins or acrobatics be

performed and that "g" limitations of plus 2.5 g's and negative 1,0 g's

be imposed on the rdreraft. It was concluded as a result of the tests

The testing conducted on the hydroski and the universal skl gear
‘coneieted of cperetional tests; The tests were conducted at Goodyear

Aircreft'a Wingfoot Leke facllity.

The hydrdski tests were conducted on the GA 447 and the GA 468 Inflato-
plane to provide a compdrieon of operation since thern was soms |
construction differences in the areas of the cockpit and landing gear.

The operntionnl tests consisted of ski and alrernft compntability,

“tnkeoffs and Inndings. Ths operational tests gave no indication of
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any major differences between the aircraft and with the takeoff
characteristics of both quite similar to those on land, The gruss -

B weight of the aircraft for these tests ranged from 460 to 475 pounda,

The universal ski gear, designed for the GA 468 InflatOplane, vas

tested only on this aircraft. Agein, the tests consisted of operational

tests which were the same as those mentionsd for the hydroski with the
~addition of taxi, takeoff, and landing tests on land with the universal

gecr installed. The gross weight for these tests were from 480 to 490
R pounda. Thé universal ski gear nnr’ormed very satisfactorily on both
land and water with the only difficulty being when the operational
‘terrain .waa' soft or rough terrain where the wheel submerged until
the full surface of the skl comss in contact with the ground, 1his |
cohdition reatraina the aircraft from movement, In addition to the
above tests, the universal ski gear was tested in snow conditi§ns of
approximauelj 6 to 8 inches deep. Taxiing, tekeoffs, and landings were

performed with satisfactory results,

As a result of these tests,it was concluded that the universal ski gear .

énhances thé'value‘of the Inflatoplane by extending its utility without

requiring any greater pilot skill and training.

8., Sound Studies
An invastigation of the methods of muffler design was conducted on a
vafy limited scale, A narrow band and octave band analysis of the

‘exhaunt spectrum of the One-Place Inflatoplone w.s takean at free fleld

cnnditiona.
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. a design eriteria for sultable observation at a given ‘distance. - Any

: avorapge ¢onditions, 'By taking the measured value of noise 1efél at

The narrow bend data, which was taken on the Mine fafety Appliance

Soundscope, ihdicated ﬁhat maxiﬁum noise émplitude occurs at the second
hermonic rather than at the expected fundamental firing frequency.
Hbﬁéver, the first; third and foﬁfth hermonic are of equal amplitudes
and only several db'é lower than the naximum levél, showing that the
exhauét output éf the four‘cylinder, two cycle engine is a random noise.'

This condition is rather unique to the two cycle aircraft engine tested

in that aircraft engines with four cycle operatioh tend to have a

discrete Irequency pattern.

An octave Band analysis taken on a 50 foot radius and azimuth angles
‘ ‘0 . o] o
- of Oo, 300, 60°, 900,_1200, and 150o (0 angle points to the front of

 ,the plane Jindicated the dircctional spectrum is quite ﬁniform. The

overall noise 1evel‘at this radius read 96 db's (re.0002 dyne/cmz).

‘Since the principle objective iﬁ-muffling'the noise level of the One~

Place Inflatop) ne was to reduce the detecfion distance, thevconvers-

ation level at three feet, which is approximately €6 db,ywas taken as
lovel below this value can be considered difficult to hear under

50 feet and applying the inverse square law,s nolse level can be

realizod of 66 db at 1600 feot,

With this objective in mind two types of mufflers were investigated
todatn: (1) single chamber resonator and (2) a combination of two
rosonators. The calculated decrense in the overall noisge level exbocted
from.tha single chamber resonator 1s 5 @b, A 5 db reduction in overall

sound preacurs menns that the distnnes of detnetion is -reduced by n
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factor of two. A 10 db loss, a level‘which may be realized by the
_ double resonator, would mean reducing the dctection distance ty a

~ factor of approximately'four;

The sihgle chamber reéonator‘would consist of a three inch perforated
cylinder 18 inches in length and covered by a 63 inch jucket with
equivalent length, A muffler of this type would weigh about seven

pounds,

‘It appeared that the réquifement’for a wry broad attenuation region
could best be satisfied by a combinatior of resonators which are tuned
to different frequencies. The calculated results of this type of

o mﬁffler show a noise reduction of 10 db over a frecuency Band of ﬁidth
équal fo about six times the lowest frequency of the band, However,
the physical dimensions of this muffler would be 12 inches in diameter,

12'1nches length and 15 pounds (approx.) in weight,

It is®lt that a suitable muffler fof the One--Place Inflatoplane
can be deveioped by additional teéearch and experimental work to obtain’
an ultimate deaign which would satisfy gll of the following conditions'
(1) weight (2) size (installation problem) and (3) maximum noise

reduction,

A future study program to determine whelher it 1s feasih&e to install

a suitable huffler on the Inflatoplane would include investigations oni

). Deubla-chamber rosonant muffler (further considorntiona),
2, Cnlkins muffler,

3¢  Expansion-chamber type muffler,
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9.

L

- 50

Noise suppressors - this phase would include the .gperimentgl
considerations to some of the jet noise suppressors that vere

tested at GAC on a Cold Flow Facility to determine their feasibility

‘a8 mufflers on two-cycle reciprocating engines,
‘Back pressure effects on engine operation,

Material Investigation |
~ In Amendment Eight of the subject contract additional information was
‘requested regarding Airmat fabrics, This information was obtained by

conducting the foilbwing physical tests:

1,

2.

3
e

Panel burst tests

Packaging effects

Fabric 1ife under 1imit load

Airmat fatric tests per MIL-C-21189(AER)
a.  Rotof1ex |

b, Creasing

¢. Tear strength

d. Seam strength

-8, Cylinder elongation

f. Cyclic loading

 These tests have been performed on the three types of Airmat utilized

in tho Inflatonlane conctruction: (1) wing, code A350; (2) cockpit,

A-351; and (3) empennage, flap and alleron, A-349. The results and

discusaion of themo tests are reported in (ref. 9).




e P kS T A ittt

ottt

T e e A T

TR e At g ot b AL ST e Y

GOODSYEAR
AIRCRAFT

GER 10416 Page 33

" The Inflatoplane service 1life, as determihed by the limit load testi, w8

; ixhé 7500 hour minimum required of a vehicle of this category. ‘Mechanical
Aﬁéﬁﬁéé‘resulted in only minor‘materials degradaticn and does not signi-
’lﬁficantly reduce the vehicle!s service life, Substantiating this was
,(l) the two to three percent increase in leak rate resulting from 75

,paokaging operations, (2) the minor increase in permeability of hydro—

load of 10,000 cycles by a fector of 3 to 5 for the cockpit and empennage

and a factor of 10 for the wing material, but does not increase notable

“pit and empennage and 7 percent for the winge

 fabricated of Airmat materials from vehlcles in excess of four yearé

“and/or test programs conducted during this poriod. Hance, the data

The physical tests substantiated the atility of the material to with-
sﬁand mechanical abﬁse; dead load and pahel burst tests 1ndicated

material strength degradation with ageband use,

cdnsérvatively calculated as being a minimum of 12,000 hours, surpassing

gen after rotoflex and cyclic loading and (3) material strength after
rotoflex and creasing. Permeahility to hydrogen is not increased by

rotoflexiﬁé;;however, it dver increase after application of a cyclic

thereafter up to 100,000 cycles, After rotoflexing and créasing,

material strength is reduced by approximately 2 to 5 percent for the cock- ?

Except for the cockpit material of the physical tests and the new

matorial used in the dead lond and panel burst tests, all spocimens were
‘o1d which had been subjected to londe encountered during demonstration

proscnted substantiatea tho ability of these fabrics to poerform as a

structural material after signifiennt aring and time under load,
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10,

Flight Demonstration of Design Limita
The flight demonstration was conducted in concurrence with Amendments

Five and Eight of subject contract. The flight demonstration required

- that bulldup tests be conducted at the contractorusfacility and the

demonstration performed at the Naval Air Test Center, Patuxent River,

Merylend.

' During the flight demonstration under Amendment Five at NATC, the

contractor's test pilot inadvertantly exceeded the etructural limit--
ations of the aircraft (3.6 g's) which resulted in the alreraft's craeh.'

A new aireraft completed the flight demonstration bnt due to test

discrepancies and the crash of a second aircraft during a trainingv‘

flight all aircraft were grounded,

Amendment Eight requested the completion of the flight demonstration
with & etructurelly stronger alreraft. As a result of extensive

testing (Section II, Item B-3) and wind tunnel teets (Section II,

| Item B-2) the ultimate load of wing was increaeed in excess or 5.0 g'a.

Only minor modifications (described in Section II, Ttem B-3) of the

aireraft was neceeeary to accomplish this increase in load capability,

~ Following the completion of the buildup tests at the contractor plant

in prepnration‘for the demonstration at NATC with the modified aircraft,
the demonstration program was cancelled by ONR.k Amendment Ten requested
A roport to be propared and submitted on the flight data obtained

during tho buildup phase of demonstration program. All the data

“collocted during the demonstrntion program undor Amendmonts Fiva and

‘Eight are reported in (ref. 10).
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" of the V-n diagram,

.,

bomb~bay of a P2V~7 éiréréft. The msults and discussion of this test

& reasonable distuncé, remove the airplane from the pallet, and fuel and

As a result of‘ﬁhe flight demonstration program it was concluded that

the aircraft successfully demonstrated all deslgn 1imitavand the limits

Pallet and Parachute Delivery System |
A program was conducted to design, falricate and test a pallet and
parachuté délivery system to be utilized in conjunction with the one-

place Inflatoplane, This system was d esigned to be tranaported in the

is reported in (ref. 11).

As & result of this program, it was found possible to package the

Inflatoplane and supporting equipment on a 4 x 6 x 2 foot pallet and

pgrachuxe drop it successfully. One man was able to move the package

inflate the airplane in a short period of time., Future development of
airborne delivery systems should include a thorough‘evaluation of the

present system and the development of an externally carried container,
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A,

The development, desian, fabrication and testing of the evaluation models of

'objectives of increased airframe strength improved airframe, increased load
' carrying capability, and improved operational features were achieved or
vvexceeded. The numerous tests, as summarized in this report, supply data
‘to support the achievement of the désign objectivés and the improvéd-per—

‘_formanee capabilities. The test programs also indicate the amount of

- shadow of a doub’ and will be substantiated even further during fleld

Aireraft recommends the following steps should be taken,

= CONCLUSIONS OMMENDATIONS
concwsxons

the One-Place Inflatoplane has led to the falrication of an improved low

pefformance Aircraft over the previous Inflatoplané model, The design

mechanical and structural abuse that can be sustained without appreciably

affecting the aircraft life,

The feasibility of inflated aircraft concept has been proven beyond any

evaluation, However, since the improvéments.were accomplished on essentially
a carbon copy of the GA 447, the aircraft should be further refined by |

design before going into production,

RECOMMENDATI ONS ,
In order to further rofine and develop the Inflatoplane concept,‘Goodyoar

1.' Dovelop and fabricate two-place Inflatoplane ovaluation models,

2e Investigate the uae of a gas turbine engine for use with the Inflatbplnne;
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3, Investigate the launching and landing techhiQuea‘(shipboardVahd water)

necessary for the operatidn of the aircraft from non-aircraft cérrying

O N N R VYR N

vahips.

be fDesign, fatricate, and test air drop containers carried as an external

store,

‘Td assure safe operation of the Inflatoplane, its accessories and ground

support equipment, it is recommended that opérating personnel become

“thoroughly familiar with the operétion characteristics, Reference 7 giveé

adequate 6éversge for this purpose.
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 Testing of the VAO-3(6) Aircraft, dated 1 October 1958.
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SUMMARY

‘Thia appendix presents the results of the contractor'a tests and operation of
the Nelson B63-A engine as Installed on the Model GA-A68 Ihflatoplane._ The |
engine test consisted primarily of two endurance runs, a 50-hour tie-down

‘ and‘a»60-h§ur PFRT, Operation of the engine was obaerved during‘all.aircraft‘
flight testing and fiight demonstrations. As a result of‘test and operatibn, §
- 4t vas found that while undesireab]e oombustion conditions exist in the engine
the test o“*actives were met and subsequent operation of the engine, which showed
- the need for additional engine modificaiions, indicated that the engine could be
aatiafactoriiy operated on the alreraft. In regard to storage and handling, 1t
. was found that the engine could remain in aatisfactory condition vhen standard
engine’preser#ation’proceduree are applied, As an overall assesement of this
engino inatallation, it 1is the contractor'a opinion that the powerplant is
suitatle for the intended ‘purpose but that 1f future procurement is made more

- attention be givc. to standard aircraft engine design and construction practice. y

 Recommerdations are made regarding adherence to operation, maihtehance, and

f
i
o
!
i

inspootion requirements given in the revised hnndbook, extensioh of the 50 hour

i
i

tino 11mit on the engine, and deletion of the 10-hour housing inspection requireé

ment,
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~ SEGTION T - INTRODUCTION

i Item I of Amendment Number 3 to Contract Nonr 2368(00) stipulated that a
iVSO-hour tie-down test be conducted by the contractor to determine the compatibility
of the engine-airframe combination and to test the endurance of the Nelson H63-A
modified engine to operate over a 50-hour period without breakdown. Considerable,
‘ difficulty was experienced with the engine during this testy however, once’
reeolved,the 50-hour period was completed without operational breakdown, Sub-‘

,eeduent taur—dcwn inspection of the test engine revealed certain discrepancies
vhich were not accepteble to the RiWepe Power Plants Office;‘ In conference with
: the BuWepe, ONR ATC representativee, and the engine menufacturer, it was decided
ythat a 60-hour preliminary flight rating test (PFRT) was to be conducted by the o
“engine manufacturer with technical assistance from the contractor. The PFRT
- was completed without forced stoppage or breakdown. Final tear dcwn insbection
revealed oracks developing in the front section of the accessory drive houeing.”
However, the er, ine waa eccepted on a 50-hour PFRT basis with the limitation
'vthat a dye penetrant inspection be made on this housing after every ten hours of
engine operation. Detailed accounts of the two tests (50—hour tiedown and 60-hour

* PFRT) are presented in subsequent discussion.

Following engine testing the flight test phase was initiated and a trnining
‘echool conductod.A8 a result of the investigntions of an inflight engine failure |
- and an nircraft accident, certain modificatlons in regard to the propulsion |
syntom and its cporntion vwere made during this period. These modifications are |

nlso mroesented in detnil in subsequnant discussion,
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Resumption of work on che contract during 1960 disclosed edditional’engine } “’i
diScrepanciee nhich primarily concerned the qﬁality of engine construction; B
Additional modifications were also incorporated in the propulsion system as their
ineed was indicated by flight test operation of the aircraft.,

The portions of the revised handbook relating to the engine; its operation,

l;naintenance,'and inepection, have been propared with the inclusion of the
contractor's experience with the engine throughout the contract as the governing

faotor in preeenting such information,
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SECTION IT - DESCRIPTION

The Nelson Model H63-A engine as‘procured from its manufacturer, Nelson Spécialty
Gorporation,San Leandro, California, is a four-cylinder, horizontallv—opposed;

air-cooled reciprocating engine operating on the two-cycle principle.' The engine

as furnished was equipped with a battery ignition system and a cable-rewind type i
| atarting syatem. For 1nstallation on the Model GA-468 Inflatoplane the battery   ’
-igﬁition syatem‘was discérded in favor of magneto ignition. A magneto developed :
 by the MﬁCnlloch ccrporation for use on their Modelb4318 eﬁgine was adabﬁédvby ;.
" the contractor for instailation on the H63-A engine, In addition, en air pump
“drive and mounting was designed to provide inflation air supply capabiiity for
 the aiﬁoraft. These drives and mounting pads vere combined in‘an acceaéory

‘drive housing which was mated to the front section of the starter housing on the

H63~A engihe. This design modification also necessitated removal of the cable=

rewind starting system. Since the magneto fatured an impulse coﬁpling,
| "hand-proppingt ‘of the propeller was selected as a starting method for the

" engine, A fuel pressure regulator was also added to the engine to reduce fuel

pressure from the airframe fuel supply system to the value specified at the

‘earburetor fuel inlet connection for proper engine opéfatioh.
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' SECTION IIT = 50-HOUR TIE-DOWN TEST

Sinoe no requirement other than an operating time period of 50 hours ﬁas
apecified for thie.test; a test plan was prepared besed on an endurance run in
general accordance with Military Specification, MILQE—25113 (ASG), (ref. 12)

:Ih addition, the test plen included a tear-down inspection to be conductediafter
the endurance run, The test plan elso specified gasoline, oil and‘fuel mixtnre'
reouirements which were based on the then ournent engine manﬁfacturer’s‘specific-
ations given in the opérating tnotructions furnished with the engines. The

results of the 50-hour tie-down test were as follows:

1) After an initial five‘hours of test operation fuel mixture leakage was
observed on a cylinder. Cylinder removal and inspection disclosed a crack |
in the intepral intake manifold of the cylinder and subsequent investigation :
by the engine manufacturer concluded that the crack was a manufacturing

defect.

_'2)’ The above eylinder removal aieo disclosed sevore combustion area carbon
‘build-up, end piston ring aticking; The remaining cylinders were removed

"with the same resulta and, in addition, a tight piston-connecting rod |
assembly was found. To resolve these discrepancles the engine manufacturer‘
recommended that the oil epecificntion be chanped from Crada 1065 to a
special oil fecommondod for two-cycle engines to reduce cnrbon bulld-up and
ring sticking. Such an o1l was obtained from the Standard Oil Company of
Ohio (SOHIO) and a new piston and rod assembly were installed to continue

tha tant,
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/~3) A ten hour test perlod was»then conducted to determine the effect of the oil‘fli i
apecification chané@a Aﬁ the eoﬁclﬁsion of this test pefiod the cylinders 
were removad for inspection'of the combustibn arsa, ‘Some improvemént was
notéd but considérable carton bullid-up was still found along with piston
ring aticking and another tlght piston and rod assembly was found. The

- engine manufactureﬂ then recommended that the carburetor ba modified so thatv'
the engine could be operated ocn a 16 t3 1 gasoline. oil mixture Instead of the

vofiginal 8 to 1 mixture ratio, Thls recommendation was bagsd am disclosura 1

R R i

- that concurrent development of a new engine model indicated that previdus

engine models (HA3-A and prior models) operated with very high piston doma

- temperatures which cdused oil teoking™ and resulting carbon‘buildnup on
“the intoke side of the pistons, The later engine models (H$3~B and subaequsnt)
are designed with an integrally cooled plston whose parts are not inter»' 4
changeab&e with previous engine models., It was also determined that the
high pietcn temperatures weres also responsible for the tight piston and rod
assemblies aphearing during the engine tests, This condition, high temper~
ature and reeulting thermal expansion of the aluminum piston,allowed the
wrisﬁ pin tearing assemblies to flont and contact the connecting rbda. It
was resommended that an additional énap ring be installed at the inner end |

of shorter wrist pin beuring nssemblies (snap rings were originally inatalled‘ 

*nly at tho outer end to prevent contact with cylinder walla) 4o prevent
axinl bearing movement. Since installation of the new type pilston was not -
posrible in the HDBHA engina model, 1t was recommnnded by the eng!ne
mamifneturer that 1n,addition to the carburetor modlfﬁoqtion. anap rdnga be
Instnlled to prevent bnnring mpvom«nt 80 tha% the already procured engina

modal could be used.
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;_4) The tie-down'testing vas resumed with the modified carburetor, pistons, end

nevw fuel specifications and no further problems were experienced in operation

of the engine. However, during the test it was found that the air pump,

‘Pesco Model 3P—207—JA,con$rary to manufacturing claimsy could not operate

on residual lubrication, so that a temporary 1ubrication system was
:aubqtituted to enable completion ef the tie-down test in its other phases
until the pump manufacturer could recommend euiteble modification. A total i
vengine operating time of approximately 96 hours was ueed‘to obtaln 50 hours N

of operation without breakdown,

5) The tear down inapection conducted af'ter the engine endurence run revealed
seversl diacrepancies that resulted in non—acceptnnce of the test reeulta ":ﬁ

by the contracting agency. Of major concern were carbon build-up on ths - &
pistons, piston ring sticking, and heat discoloration of the plston wriaﬁ‘ o

 pins and wrist pin bearings,

\‘...

At a conference “otween the contracting agencles, the contractor, and the engined
- manufacturer, the results of the 50-hour tle-downtest and the tear dewn inspection

were discussed, It was the opinion cf the contracting agenciea that lack of

imminent failure in regard to the major discrepancies had not been sufficlently |
vproVed and that test rerun would be required before the engine instnllation could \
be oonaidered acceptable. it was the contractor's opinion that carbon build-up,
ring sticking, and wriect pin and bearing discoloration were inherent engine .
charnctoristics and the engine's ability to operate with these conditions
exieting wns evidenced by tha completion of the 50-hour endurance test uiﬁhoup

_ bronkdown, It was also noted that the conditions in question did not exist om

1nter model versions of tho engine so that the protlem could te rneolved by
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engine model replacement, However, it was consldered a more economical approach

to utilize the present engine model and require a Preliminary Flight Rating Test

(PFRT) plus & ten hour penalty run to verify engine integrity with the inherent

fcharacteristica of éarbon build-up, ring stlcking, and wrist pin and béaring‘:jT SR

discolorétion, providing there were no indications of imminent failure‘fcllowing

‘the test run, It was also agreed that a test specification would be prepared by‘ u

‘the contractor, pre-test and post-test tear=down inspections'would be made, and'
that these tear-downs and the endurance test would be conducted at the'engina

manufactui-z'e facility with technical assietanse frem the contractor.
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 SECTION IV .- £0-~HOUR PFRT TEST

F‘ B
s

For the preliminéry flight rating test a test specification in general accordahcs,

vith reference 12 was prepared by the contractor and spproved by the'contracting

.'agency-and the engine m&nufacturer; In general, the test specification (ref. 13)‘

S SBRE Bl Sk i e i e

required pra-teSt and post~test tearﬂdown‘inspections and applicable endurahce
 test operation to fulfil the 60-hour time limit established for the engine. The

results of the 60-hour PFRT were as follows:

‘1) A pre-test tear-down inspection was made on engine, Serial No. 312, at the B

| engine manufacturer's facility; Nelson Specialty Corporation, Sah Leandrb,»

= California, Applicable measurements were recorded and magnaglo and zyglo
| 1hspections,vas réquired, were conducted by Osklaud Aircraft Engine Service, N
Inc., Oakland, California, an FAA approved engine repair station, The engine E

. was found acceptable and reassembled for endurance test operation,

'2) The engine was installed on a test stand equipped to measurs propeller
torque loau and a pover calibration run was made, Following the calibrntion‘
run, the endurance schedule outlined in the test specification was followed

and completed without 1ncident or unscheduled ahutdown° After completion

of the endurance run, a power canlibration run was made to compare wi‘h the
‘kraaulta of the initial calibration run. A corracted power loqs of .6
percent uas noted in comparing the calibration runs which is within tha

allownble value of 5.0 percent specified in reference lé.
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The engine was then'giv;ﬁ‘pOstétest”tear-down inspection, * Measurements
recorded during the premmest‘ﬁeAr_down‘were checked ahd no appreciable wear
could be found, CarBon buiiddﬁp was found on the pistons and two piston
rings were found stuck, however, no evidence of blow-by or overheating was

found. Discoloration was found on the piaton wrist pins but was prlmurily

‘of a varnish-produced nature due to high temperatures developed in this
-area of the engine. No bluing of any rotating parts was found, The magna-

glo inspection of applicable parts showed no defecté‘present. HbWever;

zyglo inspection reveaied cracks in the head fihe of a cylinder,‘in tha,_'

o center bourihg support stator, and in the front section of the accessofy,_

drive housing, The cracke in the cylinder and stator were superficial and
minor with no imminent fallure indicated. The cracks in the mounting bases
of the accessory housing were further inspected at the contractor's facility

by XFraJ anrd etching. Four of six b@syﬂ-wera cracked but none of the cracks

, exceeded a 50 percent penetration in depth,

‘\Baaed on the resulte ~f the 60-hour PFRT as outlined in (ref. 14) and (15), ths

engine was given PFRT approval by BuWeps,in reference 16,for 50 hours of f11ght

testing with the requirement that the front section of the accessory drive housing

bo given dye penetrant inspection after every 10 houre of engine cperating time,
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SECTION V = ENGINE MODIFICATIONS

f The Mbdel H63-A engine as originally procured from the manufacturer has been
extenaively modified due to the instaliatlon design cn the alrfrume, the results
of the 50-hour tie-down and 600hour PFRT testis, and from operaticnal discrepencies g

| occurring during the various flight test phases of the aircraft. Mzjor modific-

’
Ki

ationa accomplished on the englne wero as follows.

1) For installation on the Model GA-468 INFLATOPLANE, the englne was modi{ied'
| to inenrporate magnete ignition and an air pump drive pad. .These two‘items 
vere combined in ﬁn assembly mounted on the rear «f the engine which provided
a direct drive‘from the engine crankshaft for the magnéto and a bolt drive' 
from the magneto drive for the air pump. The magneto, in turn, was modified
internally to permit operation inverted from 1ts normal installation mounﬁihg‘
so that the new accessory drive package could be reduced in size. Tha |
vibration isolators originally furnished with the engine were also modified
to ahift eng! .2 position longitudinally in relation to the pylon mount

structure to permit a more compact engine~pylon mount installation. A fuel -

preaaure regulator was installed at the fuel inlet fitting on the car-

~ buretor to roduco alrframe fuel system prensure to arcoptnble englne opernting ‘

limitse,

2) Bared on the results of the 50-hour tie-down‘and €0-honr PFRT tests tbe
curburetors originally furnished with the enpines were modified to permis
engine oporntlon on a fuel mixture consisting of 16 parts CJ;gnamlino te Ama
part of oil by volume. The gasolira and oll spocifications for enpins

cporation ware alao changed to Umit use of gnsoline to aviatlen pasoline,
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Spécification MIL-F=55724, Grade 80/87 6ctanevand oil to‘SOHId

(standard 011 Cohpaqy of Ohio) two-cycle engine ‘lutricating oil,

 SAE 30 Grade. The wrist pin bearing installation in the engine was |
-chﬁhged to incorporate a‘second anép ring to prevent axial movement of

- the bearing assembly in relation to the piston and wrist pin, Install-

étion'of these snap rings also necessituted a éhange to shorter tearing
assemblies due to piston boss limitations, The air pumps were modified

by their manufacturer to replace the steel vanes with phenolic vanes

‘to permit rump operation on a residual oil supply. With an initial

lubricating oil supply of one-half ounce added to the inlet air pors
of the pump, a 10 hour time limit is specified for the pump when

‘ ‘operating on the residual oil supply. Reference 17 i1s the pump

3);

manufacturer'a test report of a 200<hzur qualification run for the pump

vane modification,

Investigation of an in-flight engine failure and an aircraft accident E
that occurred during thékcbnduct of a training pregram fer U.S, Afmj
personnel revealed the need for an iwgmﬁVaiignit,.n +timing procedure
for the engine’ possible need for improvsd shatter protection of tha'
propeller, and revisicn of the handbcok. The englna that failed in
flight ﬁna‘returnad_to the marufacturer for inapectioﬁ, test; and re--
eonditioning and to determine the cause of failure. The angin@
manufacturer's investigotion, (ref. 18), indicated that magneto timing
wag a mnjor factor cantributing to the enpgine fallure theraby resulting
in détoﬁutlon ard pinten burning, The timing procedure wan then
roevieved and more adéqunté timing referance marks were eatnhliched on

the snpine nlong with more detailed magnete-to-engine timing proeceduren
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_for inclusidn in the revised'handbOOR. The engine involved in the
' a§¢1dent“(ref.v20), was salvaged and also returned to the engina’
: 'manufacturér‘for inspéctioh, ﬁest, and reconditioning to determire if

"engine operation could'have been 8 contributirg factor in the aécident; %

, The engine manufacturer's investigaticn on this engine (ref. 19) aid o

“not disclose any condition that wouid hava‘causéd the accident. Howéfef,

the asccldent did euggest the possibility that propeller damags occurred

_#o that a recommendation was made that a metal prspeller‘be Installed

'in‘plene of the wood propellers in uss, Tals -harnge was invastigated

and it was found that marginal conditions in regard to vibrating stress

levels could be encountered in the operatirg range of the englire and

- that if such conditions existed complete endurance testing of tha englne

would be required, Therefore, it was rscommended that the present

‘wood propellers be modified by incorporating a five-inch covering of

. two=ply leminated fiberglas un each tip to increase shatter resistahcé.
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" SECTION VI = ADDITIONAL ENGINE HCDIFICATIONS

Following a period of approximately cne year, during which the alrcrafi were‘
grounded, indication was noted of what could be expected in regard to engine
preservation and storage. Engines returned to the contractor were found to have
internal dissimilar metals corrosion due to lack of preservation and damage due ‘f'a‘
to improper handling. AlSo, in connection with a resumption of flight testing
and the assignment of government inspection for flight test clearence, certain
conditions regarding the quality ef engine construction became evident. In
'addition, Y crankcase thru-bolt failure, fuel system stoppage, and a fuel
pressure regulator mounting failure warranted additional modification* as
(continuedkoperation of the flight test aircraeft was made. The modifications

made to the engine in regard to these discrepancies were as followe:

‘l) In the specific casa of the engine, serial number 311, which was returned
to the contraotor from the contracting agency in a severely corroded ccnditicn

and with no -evidence of having received pregervaticn areatmen repair was

made to return this engine to servi ceable condition, The primarj arca of °

corrosion was at a crankoage drain plug, with superficlal corrosion occurring
from dissimilar metal contact of various englre parts assembled to the
crankecase and carburetor. It was found that aluminum drain plugs were used
in the magnesium crankcase ard these were replaced by cadmium~plated steel
‘plugc in all engines, Tho affected drain aroa of engine No. 311 was
ground, smocthad and the crankcase pickled in a 10 percent chromlie acid .
solution ond ;lven MIL-M-3171, Type 111, dichromate treatmant, The various
dissimilar metal pirte were cleaned and glven cadmium plate trontmente In
addition nll nar-mbly of these augine prrts woc made using wet chromate

orimer,
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3)

~ ations were excessive and resulted in thread deformation of the bolts with a
g weakening of the bolt in shear. Approval by the engine manufacturer was

. obtained to reduce the torque specification‘of the bolts to proper values

- supply syetem'to'the‘engine. The fuel pressure regulator was relocated inti

‘eground handling of the engine, and a fuel filter waevinstalled in the syqtem
_when reaidue from a main fuel bladder tank repair clogged the fuel ehut—eft

&)
following the 60-hour PFRT and ite disclosure of cracka in the accessory

_housing, dye ponatrant inspoetion han beow conducted in accordance with

During the resumption of the finel flight»tesv phases it was noted that

_ short stud installations were evident on the engines. 1he atude in question'

are used to attach the cylinders to the crankcase and the accessory housing i

E to the crankcase. " The studs used for accessory ‘housing attachment were
| replaced with etuda of suitable length, hOwever, this could not be done
with the cylinder attech studs. The engine manufacturer advised that stud -

length must be controlled so that adequate clearance 1s obtained to install

"the”cyiinders end that the top surface of the stud will be either flush or

extend slightly above the top surface of the nut. It vas also stated that =

throughou‘ the engine development there was never a cylinder failure

‘ attributable to this method of stud inszallation.

‘Investigation of a‘crankcase thru~bolt failure revealed that torque specific-

te prevent recrrence of this failure, Investigation was also made of two

fuel system melfunctions and resulted in modification to the external fuel -

lens vulneratnekarea of the engine after a mounting failure occurred in o

valve.

During the course ot‘the flight teating conducted by the contractor

referonce 16, Afier a total of eleven such inspoctions on several engines
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no cracks of any kind have beon found in the subject housing, The onlyk
modification made in cbnhection with this housing was the installation
of lon'ger' mounting studs (2, above)_ whiqh would not contribute to the

' sﬁrehgth of mounting‘.boasea of the housing.
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SECTION VII - HANDBOOK REVISION
Ih aocordance with the handbook revision required by contract amendment, those
portione or the handbook that require information regarding the engine have
: been expanded to include all aspects of engine operation that can reassonably be
}expeoted to oo encountered. Since the handbook, (refs 7) now consists of three i‘
perie, a flight'operating handbook, e maintenance handbook,}and an inSpeotion,‘ |
reqﬁirements~handbook, engine information relating to these phases of aircraft
operation‘havr been included. The flight operating handbook conteine'engine‘
information relating to opereting proceduroe for normal and emergency operation, f\
' engine operating limitatione, and performance charte for range and endurance k
prediotione. The maintenenoe handbook contains ground handling, preservation and7
vetorege, eervioing, and maintenance procedures applicable to the engine. The
extent of engine maintenance procedures given in this handbook are infended
v primerily for‘the line meintenance orgenizational level; however, procedures for
oonduoting top ove. aaul of the engine are also included. The inspection require~
menﬁeihandbook dncludes epplicable engine information for the preflight and post -
- flight inspections and. neoeesary epeoial inSpectione. Reference 16 recommended l -
that oopiee of the teer-down inepectione following the engine teete be made .
~-avallable for tlight and maintenance personnel. Ihformetion relative to the
 eonditicna dieoloeed hy theee teete and inepeotione have been incorporated in

the handbooka.
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SECTION VIIT = CONCLUSIONS

dn the bhsio‘of the two'mnjor engine'tests conducted under this contract and tho
operational oxperienco geined from the flight testvphases and flight demonstra- -
tions, the following conclusions have been made by the contractor in regard to

the propnlaion system installstion on the GA-468 lnflatoplane.

1) From the reaulte of the So-hour tie down test 1t was conqluded that excesaivo"
| "oarbon buildup, pinton ring sticking, and wrist pin bearing movement and |
f;diacoloration vere the result of a oharacteristically high piston operating ‘
temperature, It was also concluded that contributing factors to these

conditions were an oil rich S&BOIino—oil mixture and the use of additive, o

type olls,

| 2) To allow continued use of tha engine, it was concluded that the conditiona |
“ diaolosed by the 50<hour tie down test could be minimi zed by wrist pin bearing
‘oand oarburot01 nndifioationa, change in gasoline and oil specificationa,'

' reduoing the amount of oil in the fuel mixture, and by adherence to engine Q‘t
'oporating 1imitations in regard to engine shut—down and idle operating time.:t‘

3) The reoulta of the 60-hour PFRT indicated that the engine was éapable of
operating without failure or breakdown with some amount of earbon buildup

nnd uriat pin diaooloration and that the above modirioationa and changea had‘l
.aignifioantly reduced the extent of theoo discrepancies, Also, the install-
 ntion of ahorter wrist pin bearings and an additional snap ring‘ner boaring'
naaonbly had AOIVod the problem of boaring movement,
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. Both engine teste indicated ooncluSively‘that the tvpe and amount of

lubricating oil used in the fuel mixture is an important £ actor 'in the -

‘ operation of this particular engine model, and that adherence to fuel mixture

r‘apecifications must be observed to obtain satisfactory engine operation.

f!lighﬁ oneration of the engine revealed the need for improved magneto-toéi
engine timing proceduree and the incorporation of euiteble timing reference -

"merke between etationary and rotating parte of the engine.

The rear houeing 1napection after every 10 hour operational period ie

'conoluded to be excoesive since after considerable operation of the engine, .

- inepeotione have not revealed any discrepanioes.

The installation of fiberglas tipe on the wood propeller has increased’the
" propeller shatter resistance and increased the flight safety of the'aircrafﬁsf”

The‘engine eeeembly has exhibited marginal corroeion protection qualitiea. .

However, it is -oncluded that as long as proper preservation procedures are

used in‘oonneotion‘with operation and storage of the aircraft and engine,

-satisfactory engine condition will be obtained after prolonged etorage.

The eylinder mounting’etud length as installed by the engine manufaoturer‘ia
edequate for the 1ntended purposs and for operation of the engine within the |

SO-hour flight limitation, The engine manufacturer hae sufficient operationei “
exporience with all modela of the engine to indicate that no problem exists .

In thiureepeot.
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'10) It was concluded théﬁ'thé"origihal torque specification for the AN 3314
‘ Jand AN 3-16A crankcase thru-bolts was ércessive and a reduced borque 1imit :

wvas placed in effect with satisfactory results.

1;) The relocation of the fuel pressure regulator provides a more suitab&e

mounting for thia unit.

12) The addition of a fuel filter to the external fuel supply system willuprevénti

‘ fﬁel ayafem_and carburetor malfunction from contaminated fuel.

:13)\\Th0 1ncorpvrstion of phenolic venes in the alr pump substantially increased ﬂ 

tha £light enduranoe time for operating the pump on a residual 1ubricating

oil supply.

14) It was concluded that the revised handbook should contain engine information

" “welating to all aapéété of the testing and operational features of the
Anstnllation. |
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L . SFCTION IX - RECOMMENDATIONS

Based on the conclusions reached concerning the test results and operation of
the\H6B-A engine, the following‘recommendations are made by'the'contractor in
regsrd t‘o‘its insteilation on the GA5-468 Inflatoplane. |

‘~‘1) _ The Nelson Model HbBeA engine as modified by the contractor is recommended

'for operational use in accordance with the specifications and instructions

_,,given in the revised handbook series (ref. 7). for a total operating Period1;'

’."2)1”On-the basis of operationalvexperience with the engine it is recommended .
L nthat operationel use of the engine can be extended for an additional 50'
&A;‘_hoUr period provided that a tear down inspection between these periode does
not reveal unsetiSfactory conditions. It is further recommended that-thisi

inspection baveondncted by the engine manufacturer since overheul inStructions:

"~ are not given in the present handbook series.

3) Beeed on the fact that no accessory housing cracks have been reported
’k following a total of eleven 10~hour inspections, the contractor recommends
deletion of the 10-hour dye penetrant inspection requirement stipulated for o

these housings in reference 16,

4) Prior to operation by ths contr:cting agencies it ia recommendod that rlight
" and ground porsonnel become thoroughly familiar with the operation and

- marginal ehnreeterietics of the engine in repard to gasoline and oil

'epociriontion, magneto timing,kend engine preservation procedures. The
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O , I
‘revised.hnndbddk series covers these conditions édequatelyﬁéhd can be useé f,
for this indoctrination,

5) If éﬁy future procurement of this engine type is made, it is recommended

Fthat specifications be prepared with emphasis on dissimilar metals, corrosion";

~ - "ﬂprevention and adherence to standard engine practice in regard to the use

' of fasteners and £1ttings.
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